RESPIRATION CONTROL APPARATUS 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a respiration control 
apparatus for controlling the respiration of a respiratory 
moving object in a controlled body such as a human body 
during examination or treatment . 
Description of the Related Art: 

In recent years, computer- assisted diagnosis apparatus 
such as CT (Computed Tomography) apparatus, CR (Computed 
Radiography) apparatus, MRI (Magnetic Resonance Imaging) 
apparatus, and radiation treatment apparatus for treating 
patients by applying radiation to local body regions have 
widely been used in the medical field, 

A respiratory moving object such as an organ in a human 
body to be diagnosed by a computer-assisted diagnosis 
apparatus or treated by a radiation treatment apparatus , 
changes its position or volume greatly as the human body 
breathes. Therefore, when the computer-assisted diagnosis 
apparatus images the respiratory moving object, the produced 
image tends to be low in quality, or when the respiratory 
moving object is treated by the radiation treatment 
apparatus , the irradiation range of radiation is liable to 
change . 

In view of the above drawbacks , various apparatus for 
detecting a moving state of a respiratory moving object. 



predicting a position of the respiratory moving object based 
on the detected moving state, and applying radiation at a 
given time based on the predicted position have been 
proposed. For exeunple, Japanese laid-open patent 
publication No. 2000-262513 discloses an X-ray computed 
tomographic imaging apparatus having a respiration sensor to 
be attached to a human body to be imaged. The disclosed X- 
ray computed tomographic imaging apparatus applies X-rays to 
an organ in the examinee during an inhaling period in which 
the volume of the organ is stable, based on an output signal 
from the respiration sensor, and collects image data from 
the organ based on the applied X-rays. 

However, the conventional X-ray computed tomographic 
imaging apparatus may not be able to collect optimum image 
data from a human body because the respiratory state of a 
human body widely differs depending on the age and the 
physical or mental condition of the human body. Also, the 
output signal from the respiration sensor widely differs 
depending on how the respiration sensor is attached to the 
human body. 

SUMMARY OF THE INVENTION 
It is therefore a general object of the present 
invention. to provide a respiration control apparatus, which 
is capable of appropriately controlling the movement of a 
respiratory moving object such as an organ in a controlled 
body. 



A major object of the present invention is to provide a 
respiration control apparatus which is capable of 
appropriately controlling the respiration of a controlled 
body to increase the accuracy of an image captured by an X- 
ray computed tomographic imaging apparatus or the accuracy 
with which a radiation is applied to a local region of the 
controlled body by a radiation treatment apparatus. 

Another object of the present invention is to provide a 
respiration control apparatus which is capable of separately 
controlling the inhalation and exhalation of a controlled 
body . 

Still another object of the present invention is to 
provide a respiration control apparatus which is capable of 
reliably connecting the respiratory system of a controlled 
body to the outside of the respiration control apparatus 
depending on the state of the controlled body. 

Yet another object of the present invention is to 
provide a respiration control apparatus which is capable of 
recognizing the progress of a respiration control cycle of a 
controlled body. 

The above and other objects, features, and advantages 
of the present invention will become more apparent from the 
following description when taken in conjunction with the 
accompanying drawings in which a preferred embodiment of the 
present invention is shown by way of illustrative example. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 Is a schematic perspective view, partly in block 
form, of a radiation image capturing system to which a 
respiration control apparatus according to an embodiment of 
the present invention is applied; 

FIG* 2 is a block diagram of a sensor signal control 
device of a synchronizing signal generating apparatus in the 
radiation image capturing system; 

FIG. 3 is a block diagram of a synchronizing signal 
output device of the synchronizing signal generating 
apparatus ; 

FIG. 4 is a block diagram of a synchronizing signal 
output control device of the synchronizing signal generating 
apparatus ; 

FIG. 5 is a block diagram of the respiration control 
apparatus according to the embodiment of the present 
invention; 

FIG. 6 is a flowchart of an operation sequence of the 
radiation image capturing system; and 

FIG. 7 is a diagram showing respiration control 
conditions that are established for the synchronizing signal 
output control device. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
FIG. 1 shows, partly in block form, a radiation image 
capturing system 10 to which a respiration control apparatus 
according to an embodiment of the present invention is 
applied. 



As shown in FIG. 1, the radiation image capturing 
system 10 has a respiration control apparatus 14 for 
controlling the respiratory state of a controlled body M 
according to the embodiment of the present invention, a 
5 synchronizing signal generating apparatus 12 for generating 

a synchronizing signal based on a respiratory signal from 
the controlled body M, an X-ray control device 15, a high- 
voltage generating device 16 for generating a high voltage 
according to a shot signal supplied from the X-ray control 

10 device 15, a bed 17 displaceable in the direction indicated 

by the arrow A with the controlled body M placed thereon, an 
X-ray source 18 for applying X-rays to the controlled body M 
according to a high voltage supplied from the high-voltage 
generating device 16, an X-ray detector 19 for detecting X- 

15 rays that have passed through the controlled body M, a data 

collecting device 20 for collecting transmitted data based 
on X-rays detected by the X-ray detector 19, an image 
reconstructing device 21 for reconstructing a tomographic 
image of the controlled body M from transmitted data 

20 collected by the data collecting device 20, and an image 

display device 22 for displaying a reconstructed tomographic 
image on a CRT (Cathode Ray tube) or the like. The X-ray 
source 18 and the X-ray detector 19 are rotatable in the 
directions indicated by the arrow B. The components 

25 described above make up a CT (Computed Tomography) 

apparatus . 

The synchronizing signal generating apparatus 12 
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comprises a sensor signal control device 32 for producing a 
respiration signal Indicative of a respiratory state of the 
controlled body M, a synchronizing signal output device 34 
for outputtlng a synchronizing signal generated based on a 
respiration signal to the X-ray control device 15, and a 
synchronizing signal output control device 36 for 
controlling the timing to output a synchronizing signal. 

To the sensor signal control device 32, there are 
connected a laser sensor 24 fixedly disposed above the 
controlled body M for detecting a respiratory state of the 
controlled body M as a distance signal, a load cell 26 
disposed near the diaphragm or the abdominal region of the 
controlled body M for detecting a respiratory state of the 
controlled body M as a pressure signal, and a flow rate 
sensor 29 coupled to a mask 28 attached to the mouth of the 
controlled body M for detecting a respiratory state of the 
controlled body M as an air flow rate signal. 

FIG. 2 shows details of the sensor signal control 
device 32. As shown In FIG. 2, the sensor signal control 
device 32 has amplifiers 40, 42, 44 for cunpllfylng a 
distance signal supplied from the laser sensor 24, a 
pressure signal supplied from the load cell 26, and an air 
flow rate signal supplied from the air flow sensor 29, 
respectively. The sensor signal control device 32 also has 
a sensor selector 46 for automatically selecting sensors 
according to a preset priority order, a respiration signal 
generator 48 for converting a signal supplied from a sensor 



selected by the sensor selector 46 into a predetermined 
level, adjusting the amplitude and offset of the converted 
signal, and standardizing the signal so as to be independent 
of the type of the sensor, the individual differences of the 
controlled body M, and imaging conditions, thus generating a 
respiration signal, and a respiration signal output unit 50 
for outputting a generated respiration signal to the 
synchronizing signal output device 34. 

FIG. 3 shows details of the synchronizing signal output 
device 34. As shown in FIG. 3, the synchronizing signal 
output device 34 has a signal processor 60 to which there 
are connected a synchronizing signal output unit 62 for 
outputting a synchronizing signal to the X-ray control 
device 15, a respiration signal input unit 64 for being 
supplied with a respiration signal from the sensor signal 
control device 32, a synchronizing signal input unit 66 for 
being supplied with a synchronizing signal from the 
synchronizing signal output control device 36, and a 
respiration signal output unit 68 for outputting a 
respiration signal to the synchronizing signal output 
control device 36. 

The signal processor 60 outputs a synchronizing signal 
supplied from the synchronizing signal output control device 
36 to the X-ray control device 15 through the synchronizing 
signal output unit 62. The signal processor 60 also 
calculates respiration phase data indicative of whether a 
respiration signal supplied from the sensor signal control 



device 32 represents an inhalation or an exhalation, and a 
maximum value of the respiration signal, and then supplies 
the respiration phase data and the mciximum value of the 
respiration signal with the respiration signal, to the 
synchronizing signal output control device 36. 

FIG. 4 shows details of the synchronizing signal output 
control device 36. As shown in FIG. 4, the synchronizing 
signal output control device 36 has a signal processor 80 to 
which there are connected a synchronizing signal output unit 
82 for outputting a synchronizing signal to the 
synchronizing signal output device 34, a respiration signal 
input unit 84 for being supplied with a respiration signal 
from the synchronizing signal output device 34, and a 
communication processor 86 for communicating with the 
respiration control apparatus 14. An input/output device 
112 having a CRT, a mouse, a keyboard, etc. is connected to 
the signal processor 80. 

The signal processor 80 generates a respiration control 
signal and a synchronizing signal from a respiration signal 
obtained from the synchronizing signal output device 34 
through the respiration signal input unit 84 and respiration 
control conditions established by the input /output device 
112. The signal processor 80 also outputs the generated 
respiration control signal to the respiration control 
apparatus 14, and outputs the synchronizing signal to the X- 
ray control device 15 through the synchronizing signal 
output device 34. The respiration control conditions and 



the respiration control signal will be described later on. 

The respiration control apparatus 14 has a respiration 
circuit 120 shown in FIG. 5. As shown in FIG. 5, the 
respiration circuit 120 basically comprises an inhalation 
circuit 124 (first circuit) having an inhalation inlet 121 
and an inhalation outlet 122, an exhalation circuit 130 
(second circuit) having an exhalation inlet 126 and an 
exhalation outlet 128, a first relay circuit 132 
interconnecting the inhalation outlet 122 and the exhalation 
inlet 126, and a second relay circuit 134 interconnecting 
the inhalation circuit 124 near the inhalation inlet 121 and 
the exhalation circuit 130 near the exhalation outlet 128. 

The inhalation circuit 124 includes, successively from 
the inhalation inlet 121, a Junction port 140 connectable to 
an oxygen source for supplying oxygen to the respiration 
circuit 120, a first solenoid- operated valve 142 for 
selectively connecting and disconnecting the inhalation 
inlet 121 and the inhalation outlet 122, and a first check 
valve 144 for preventing exhaled air of the controlled body 
M from flowing into the inhalation circuit 124. 

The exhalation circuit 130 includes, successively from 
the exhalation inlet 126, a vent valve 145 for connecting 
the exhalation circuit 130 to a forced outlet 154 when the 
pressure in the exhalation circuit 130 reaches a 
predetermined pressure, a dehumidif ying chamber 146 housing 
a silica gel or the like for dehumidif ying the interior of 
the exhalation circuit 130, a pressure detector 148 for 



detecting the pressure in the exhalation circuit 130 and 
outputting a signal representative of the detected pressure, 
a second check valve 150 for preventing air from being 
inhaled by the controlled body M through the exhalation 
circuit 130, and a second solenoid-operated valve 152 for 
selectively connecting and disconnecting the exhalation 
inlet 126 and the exhalation outlet 128. 

Each of the first solenoid-operated valve 142 and the 
second solenoid-operated valve 152 comprises a solenoid- 
operated valve which is opened when its solenoid is de- 
energized. 

To the first relay circuit 132, there are successively 
connected the flow rate sensor 29, a bacteria filter 156 for 
removing bacteria, and the mask 28 which is to be connected 
to the mouth of the controlled body M. 

The second relay circuit 134 has a third check valve 
158 for preventing a gas from flowing from the exhalation 
circuit 130 into the inhalation circuit 124, The second 
relay circuit 134 and the third check valve 158 are added in 
order to provide an air flow when a xenon gas inhaling 
device having a closed respiration circuit, for example, is 
connected between the inhalation inlet 121 and the 
exhalation outlet 128. 

The respiration control apparatus 14 also has a central 
processor 160 (controller) for controlling the respiration 
circuit 120. To the central processor 160, there are 
connected a communication processor 162 for communicating 
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with the synchronizing signal output control device 36, an 
audio output unit 168 connected to a speaker 164 for 
announcing audio information and a sound level adjuster 166, 
a solenoid- operated valve actuating circuit 170 for 
5 actuating the first solenoid-operated valve 142 and the 

second solenoid-operated valve 152, a timer circuit 174, and 
a time counter 177. 

The respiration control apparatus 14 also has a 
solenoid- operated valve controller 176 which is supplied 

10 with output signals from an open switch 172 which can be 

operated by the controlled body M or the operator such as a 
doctor or the like in case of emergency, the pressure 
detector 148, and the timer circuit 174. The solenoid- 
operated valve controller 176 operates independently of the 

15 central processor 160 to directly control the solenoid- 

operated valve actuating circuit 170 based on the supplied 
output signals for thereby forcibly connecting the 
respiratory system of the controlled body M to the outside 
of the respiration control apparatus 14. 

20 The radiation image capturing system 10 which 

incorporates the respiration control apparatus 14 according 
to the embodiment of the present invention is basically 
constructed as described above. Operation of the radiation 
image capturing system 10 will be described below with 

25 reference to FIG. 6. 

With the controlled body M placed on the bed 17, a 
sensor for acquiring a respiration signal of the controlled 
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body M is automatically selected in step SI. Specifically, 
the sensor selector 46 of the sensor signal control device 
32 selects one of the sensors based on a preset priority 
order. For example, on the assumption that the priority 
order is preset according to the laser sensor 24, the flow 
rate sensor 29, and the load cell 26, with the priority 
order of the load cell 26 being lowest, if the load cell 26 
is connected at all times to the sensor signal control 
device 32 and then the laser sensor 24 or the flow rate 
sensor 29 is connected to the sensor signal control device 
32, then the sensor selector 46 selects the laser sensor 24 
or the flow rate sensor 29. The laser sensor 24 or the flow 
rate sensor 29 may automatically be selected without 
removing the load cell 26. 

Next, the selected sensor is adjusted in step 82. For 
example, if the laser sensor 24 is selected, the distance 
between the laser sensor 24 and the controlled body M is 
adjusted, and then laser sensor 24 is fixed in position. 

Thereafter, the respiration control apparatus 14 is 
installed in step S3. Specifically, the mask 28 is attached 
to the mouth of the controlled body M, and the communication 
processor 86 of the synchronizing signal output control 
device 36 and the communication processor 162 of the 
respiration control apparatus 14 are connected to each other 
by a cable or the like . 

At this time, the first solenoid-operated valve 142 and 
the second solenoid-operated valve 152 of the respiration 
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control apparatus 14 are open, connecting the controlled 
body M to the outside of the respiration control apparatus 
14 through the respiration circuit 120, Therefore, the 
controlled body M can freely respire. Specifically, a gas 
Introduced from the inhalation inlet 121 or the junction 
port 140 is supplied through the first solenoid- operated 
valve 142, the inhalation circuit 124, and the first check 
valve 144 as an Inhalant gas to the controlled body M. 
Exhaled air from the controlled body M is discharged through 
the exhalation circuit 130, the second check valve 150, and 
the second solenoid- operated valve 152 from the exhalation 
outlet 128. The exhaled air from the controlled body M is 
dehumidified by the silica gel or the like housed in the 
dehumldlfylng chamber 146, thus preventing moisture 
condensation within the exhalation circuit 130. 

If the sensor selector 46 has selected the flow rate 
sensor 29, then the respiratory state of the controlled body 
M is detected by the flow rate sensor 29, which supplies a 
respiration signal representative of the detected 
respiratory state to the sensor signal control device 32. 
The sensor signal control device 32 adjusts the amplitude 
and offset of the respiration signal, and standardize the 
respiration signal so as to make it independent of the type 
of the sensor, the individual properties of the controlled 
body M, and imaging conditions in step S4. 

The synchronizing signal output control device 36 
displays the waveform of the adjusted respiration signal on 
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the CRT of the input/output device 112 in step S5. The 
operator sets respiration control conditions based on the 
displayed waveform of the respiration signal in step S6 . 

The respiration control conditions will be described in 
detail below with reference to FIG. 7. The respiration 
control conditions includes five conditions, i.e., (1) a 
respiration phase condition indicative of whether the 
respiration control is to be started in an inhalation phase 
or an exhalation phase, (2) a respiration level condition 
indicative of which respiration level (see level "a" in FIG. 
7) the respiration control is to be started at, (3) a 
respiration control time condition indicative of how long a 
respiration control time (see a time Tl in FIG. 7) is to be ^ 
(4) a synchronizing signal output delay time condition 
indicative of a delay time (see a time T2 in FIG. 7) which 
is to elapse after the respiration control is started before 
a synchronizing signal is to be outputted, and (5) a 
respiration count condition indicative of the respiration 
phase (Dth respiration phase in FIG. 7) at which the 
respiration control is started after a control start time 
TO. 

After desired respiration control conditions (1) 
through (5) have been set, the radiation image capturing 
system 10 starts capturing a radiation image in step S7. 
Specifically, the operator gives an instruction to capture a 
radiation image from the mouse or keyboard of the 
input/output device 112. At the control start time TO shown 
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in FIG. 7, the signal processor 80 of the synchronizing 
signal output control device 36 transfers a control start 
command Ql as a respiration control signal through the 
communication processor 86 to the respiration control 
apparatus 14. The central processor 160 of the respiration 
control apparatus 14 receives the control start command Ql 
through the communication processor 162, and controls the 
audio output unit 168 to produce an audio guidance such as 
"RESPIRATION CONTROL WILL BEGIN" from the speaker 164, 
indicating to the controlled body M that a respiration 
control cycle will be started- 

The signal processor 80 of the synchronizing signal 
output control device 36 acquires the respiration signal 
indicative of the respiratory state of the controlled body M 
through the sensor signal control device 32 and the 
synchronizing signal output device 34 in step S8. 

It is assumed that the respiration control cycle for 
the control time Tl (the respiration control time condition 
(3)) is to be started when the respiration level at the Dth 
inhalation phase (the respiration phase condition (1), the 
respiration count condition (5)) from the control start time 
TO has reached the level "a" (the respiration level 
condition (2)), and a synchronizing signal is outputted 
after elapse of the time T2 (the synchronizing signal output 
delay time condition (4)) from the start of the respiration 
control cycle. 

The signal processor 80 compares the acquired 
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respiration signal with the respiration control conditions 
(1), (2), (5) set in step S6, determines whether the 
respiration signal satisfies the respiration control 
conditions (1), (2), (5) or not in step S9 . If the 
respiration signal does not satisfy the respiration control 
conditions (1), (2), (5), then the signal processor 80 
repeats step S9 until the respiration signal satisfies the 
respiration control conditions (1), (2), (5). 

If it is judged that the respiration signal satisfies 
the respiration control conditions (1), (2), (5), then the 
respiration control cycle is started in step SIO. The 
signal processor 80 of the synchronizing signal output 
control device 36 transfers a respiration control time 
setting command Q2 and a respiration control start command 
Q3, which are respiration control signals, through the 
communication processor 86 to the respiration control 
apparatus 14. 

In response to the respiration control time setting 
command Q2, the central processor 160 of the respiration 
control apparatus 14 sets a time setting in the respiration 
control time setting command Q2, i.e., the time Tl shown in 
FIG. 7, in a register of the time counter 177, which starts 
measuring time. The central processor 160 also sets a limit 
processing time T3 (T3 > Tl) for the respiration control 
cycle in a register of the timer circuit 174, which starts 
measuring time. The limit processing time T3 is, for 
example, of an optimum value in an allowable limit range for 
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the controlled body M. 

In response to the respiration control start conunand 
Q3, the central processor 160 controls the solenoid-operated 
valve actuating circuit 170 to close the first solenoid- 
operated valve 142 and the second solenoid-operated valve 
152. When the first solenoid- operated valve 142 and the 
second solenoid-operated valve 152 are closed, the 
inhalation circuit 124 and the exhalation circuit 130 are 
closed, disconnecting the respiratory system of the 
controlled body M from the outside of the respiration 
control apparatus 14. 

After elapse of the time T2 (see FIG. 7)' satisfying the 
synchronizing signal output delay time condition (4) after 
it has been judged that the respiration signal satisfies the 
respiration control conditions (1), (2), (5), the signal 
processor 80 outputs a synchronizing signal in step Sll. 

The synchronizing signal generated by the signal 
processor 80 is supplied through the synchronizing signal 
output unit 82 to the synchronizing signal output device 34, 
and thereafter supplied from the synchronizing signal output 
unit 62 to the X-ray control device 15. When supplied with 
the synchronizing signal, the X-ray control device l5 
outputs a shot signal to the high-voltage generating device 
16. In response to the supplied shot, the high- volt age 
generating device 16 applies a high voltage to energize the 
X-ray source 18 to apply X rays to the controlled body M in 
step S12.- 
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The X-ray detector 19, which is located across the 
controlled body M from the X-ray source 18, detects X-rays 
that have passed through the controlled body M and receives 
transmitted data. The transmitted data is collected by the 
data collecting device 20, and then transferred to the image 
reconstructing device 21, which reconstructs a tomographic 
image of the controlled body M from the transmitted data. 
The reconstructed tomographic image is displayed by the 
image display device 22 for diagnosis. 

While the X-rays are being applied to the controlled 
body M, the respiration control apparatus 14 controls the 
controlled body M to stop its respiration. Therefore, the 
movement of a respiratory moving object, such as an organ in 
the controlled body M, is prevented. A clear reconstructed 
tomographic image free of artifacts is obtained. 

During the respiration control period (the time Tl in 
FIG. 7), the signal processor 80 transfers a respiration 
control remaining time command Q4, which is a respiration 
signal, to the respiration control apparatus 14. The 
respiration control remaining time command Q4 represents a 
remaining time of the respiration control cycle ^ and 
comprises data indicative of, for example, "remaining time = 
15 seconds", "remaining time = 10 seconds". The signal 
processor 80 may produce a plurality of respiration control 
remaining time commands Q4 at intervals of 5 seconds, for 
example, or a single respiration control remaining time 
command Q4, within the respiration control period - 
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In response to the respiration control remaining time 
command Q4, the central processor 160 of the respiration 
control apparatus 14 controls the audio output unit 168 to 
produce an audio guidance "REMAINING TIME OF RESPIRATION 
CONTROL CYCLE IS 15 SECONDS", for example, from the speaker 
164, reporting the progress of the respiration control cycle 
successively to the controlled body M. 

If the operator or the controlled body M instructs the 
input /output device 112 to interrupt the respiration control 
during the respiration control cycle, then the signal 
processor 80 transfers a respiration control cycle interrupt 
command through the communication processor 86 to the 
respiration control apparatus 14. The central processor 160 
then performs a processing sequence based on the respiration 
control cycle interrupt command given the highest priority. 
Specifically, the central processor 160 controls the 
solenoid-operated valve actuating circuit 170 to open the 
first solenoid-operated valve 142 and the second solenoid- 
operated valve 152, quickly allowing the controlled body M 
to respire on its ovm. 

Thereafter, the signal processor 80 determines whether 
the respiration control time Tl has elapsed or not in step 
S13. If the respiration control time Tl has elapsed, then 
the signal processor 80 stops outputting the synchronizing 
signal in step S14. 

The central processor 160 of the respiration control 
apparatus 14 monitors a time counting end signal from the 
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time counter 177. When the central processor 160 receives 
the time counting end signal, the central processor 160 
controls the solenoid- operated valve actuating circuit 170 
to open the first solenoid-operated valve 142 and the second 
solenoid-operated valve 152. When the first solenoid- 
operated valve 142 and the second solenoid- operated valve 
152 are opened, the respiration circuit 120 is opened, 
canceling the stoppage of the respiration of the controlled 
body M and allowing the controlled body M to respire on its 
own. 

The central processor 160 controls the audio output 
unit 168 to produce an audio guidance "RESPIRATION CONTROL 
CYCLE IS FINISHED", for example, from the speaker 164, 
reporting to the controlled body M that the respiration 
control cycle is finished. 

After the image reconstructing device 21 has 
reconstructed the tomographic image of the controlled body M 
from the transmitted data based on the X-rays, the 
synchronizing signal generating apparatus 12 confirms 
whether there is a next controlled body M or not in step 
S15. If there is a next controlled body M to be imaged, 
then the operation sequence from step SI shown in FIG. 6 is 
repeated. If there is none, then the operation sequence of 
the radiation image capturing system 10 is finished. 

Upon elapse of the limit processing time T3 from the 
start of the respiration control cycle, the timer circuit 
174 ends. its time measuring cycle and outputs a time 

- 20 - 



measuring cycle end signal to the solenoid-operated valve 
controller 176, independently of the process for controlling 
the first solenoid-operated valve 142 and the second 
solenoid-operated valve 152 with the central processor 160. 
In response to the time measuring cycle end signal, the 
solenoid-operated valve controller 176 controls the 
solenoid-operated valve actuating circuit 170 to open the 
first solenoid-operated valve 142 and the second solenoid- 
operated valve 152. When the first solenoid-operated valve 
142 and the second solenoid-operated valve 152 are opened, 
the respiration circuit 120 is opened, allowing the 
controlled body M to respire on its own. Consequently, even 
when the central processor 160 does not output a control 
signal to the solenoid-operated valve actuating circuit 170 
to actuate first solenoid-operated valve 142 and the second 
solenoid-operated valve 152, the time measuring cycle end 
signal supplied from the timer circuit 174 enables the 
solenoid-operated valve controller 176 to control the 
solenoid- operated valve actuating circuit 170 to open the 
first solenoid-operated valve 142 and the second solenoid- 
operated valve 152. 

If the pressure detector 148 detects when the pressure 
in the exhalation circuit 130 exceeds a predetermined 
pressure level, then the pressure detector 148 outputs a 
detected pressure signal to the solenoid-operated valve 
controller 176. Based on the detected pressure signal, the 
solenoid-operated valve controller 176 controls the 



solenoid-operated valve actuating circuit 170 to open the 
first solenoid- operated valve 142 and the second solenoid- 
operated valve 152. When the first solenoid- operated valve 
142 and the second solenoid- operated valve 152 are opened, 
the respiration circuit 120 is opened, allowing the 
controlled body M to respire on its own. 

If the operator or the controlled body M operates the, 
open switch 172, then the open switch 172 applies an open 
signal to the solenoid-operated valve controller 176. Based 
on the open signal, the solenoid- operated valve controller 
176 controls the solenoid-operated valve actuating circuit 
170 to open the first solenoid- operated valve 142 and the 
second solenoid-operated valve 152. When the first 
solenoid-operated valve 142 and the second solenoid-operated 
valve 152 are opened, the respiration circuit 120 is opened, 
allowing the controlled body M to respire on its own. 

If the pressure in the exhalation circuit 130 reaches a 
predetermined pressure level set for the vent valve 145, 
then the vent valve 145 is opened, connecting the exhalation 
circuit 130 to the forced outlet 154. When the exhalation 
circuit 130 is thus connected to the forced outlet 154, the 
controlled body M can thus breathe in the presence of the 
predetermined pressure in the exhalation circuit 130. 

Since each of the first solenoid-operated valve 142 and 
the second solenoid-operated valve 152 comprises a solenoid- 
operated valve which is opened when its solenoid is de- 
energized, even when a power failure occurs, for example, 
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while the respiration control apparatus 14 is in operation, 
the respiration circuit 120 is opened, allowing the 
controlled body M to respire on its own. 

Although a certain preferred embodiment of the present 
5 invention has been shown and described in detail, it should 

be understood that various changes and modifications may be 
made therein without departing from the scope of the 
appended claims . 
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